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Quantum Epitaxial 
Designs (QED) 
Driven by the Commercial 
Acceptance of MBE 
With the explosion of wireless communications, MBE epiwafers are  finding a wide range of 
applications from handheld cellular telephones to two-way pagers. Through facility 
expansion and acquisition of state-of-the-art production and characterization equipment, 
Quantum Epitaxial Designs, Incorporated (QED) is enabling GaAs device manufacturers 
to offer higher performance cost-effective MBE-based devices for large volume commercial 
applications. The following article presents an overview of the market opportunities 
and the measures undertaken by QED to ensure the commercial acceptance of MBE. 
O ver the )Tears, Molecular 
Beam Epitaxy (MBE) has 
evolved from a low volume 
R&D process for military applications 
to a large volume production techni- 
que for consumer applications. The 
challenge faced by the MBE industry 
has been to offer highly reliable cost- 
effective epiwafers to justify the 
insertion of MBE-based devices into 
wireless communication applications 
over other GaAs and silicon solutions. 
With advances in multi-wafer system 
design and performance, MBE epiwa- 
fers are satisfying the demand for 
lower cost GaAs devices that offer 
higher performance with greater 
efficiency. 
QED believes the success of MBE is 
dependent upon strategic alliances 
between customers and vendors to 
meet the very demanding perfor- 
mance and cost targets. An initiative 
of significant importance, QED is 
pursuing strategic alliances with 
multi-wafer system manufacturers to
advance MBE growth technology. 
The development of higher through- 
put multi-wafer systems is a critical 
milestone to improving MBE material 
quality and reducing overall epiwafer 
cost. By work ing together  with 
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X-Ray measurements of critical growth parameters are one of 
many characterization tests routinely performed to ensure 
conformance to each custom specification.The facility expansion 
included the acquisition of additional equipment to supplement 
the QED characterization capability. By utilizing an enhanced 
characterization capability and adhering to Statistical Process 
Control (SPC) methodology, QED provides consistent high quality 
MBE epiwafers. 
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customers  and vendors,  QED is 
further advancing the state of MBE 
technology and its commitment o 
grow with the customer. 
Growing with the 
Market 
The projected growth rate for GaAs 
devices over the next decade is 
staggering. It is estimated that over 
half the world population is greater 
than two hours travel distance from a 
telephone. The commercial develop- 
ment of wireless communicat ion 
systems offers remote  and rural 
communit ies, previously excluded 
from telephone service because of 
cost and geography, communication 
services. Over the next five years, the 
pro jec ted  compounded annual  
growth rate (CAGR) for mobile cel- 
lular/personal communicat ion ser- 
v ice (PCS)/wirelcss local  loop 
(WLL) applications will approach 
40%. To satisfy higher frequency 
and higher peril)finance standards, 
the GaAs device insertion rate for 
handheld and base station equipment 
is growing at an even greater rate. 
Based on long-term market analysis, 
QED has recognized a potential  
supply shortfall and has invested in 
state-of-the-art production and char- 
acterization equipment, physical fa- 
cilities and personnel resources to 
satisfy the growing demand. 
A recurring dilemma for merchant 
MBE suppliers is limited production 
capacity that results in unreliable 
delivery performance. QED is offer- 
ing solutions that make the customer 
decision to "buy outside" rather than 
"make within" that much easier to 
iustify. 
Expanding to Satisfy 
Customer Demand 
The commercial acceptance of MBE 
epiwafers has mandated QED to 
double its facility and production 
capabilities. As of August 1, 1996, 
QED has increased its facility size to 
20,000 square feet, including 7,500 
square feet of clean room facilities. 
The expanded production capability 
includes three V-100 multi-wafer 
MBE systems and two GENl I  single 
wafer MBE systems. Further demon- 
strating an ongoing dedication to 
support  increasing customer  de- 
mand, QED is scheduled to receive 
i . T ,~ ¸ 
QED utilizes state-of-the-art multi-wafer MBE systems to provide consistent wafer uniformity 
and wafer-to-wafer reproducibility. Planning ahead, the facility expansion provides QED the 
floor space to accommodate additional multi-wafer MBE systems to increase production 
throughput as demand grows. 
a fourth V-lO0 system by year-end 
1996. Planning ahead, the enlarged 
facility allows QED to accommodate 
additional multi-wafer systems for 
increased product ion throughput. 
With the facility expansion have 
come several personnel  changes 
within QED senior management.  
Most notably, Dr Scott T. Massie was 
appointed as Vice President, Opera- 
tions responsible for directing the 
Manufacturing and Engineering De- 
partments, and William J. Burg has 
jo ined QED as Vice Pres ident ,  
Finance and Chief Financial Officer. 
Higher Performance 
MBE Material 
QED provides high quality MBE 
epiwafcrs (3, 4 and 6 in) consisting 
of GaAs, AIGa_&s and InGaAs, on GaAs 
and InP substrates, for MESFET, 
PHEMT, LMHEMT (lattice matched 
on lnP) and Quantum Well Infrared 
Photodetector (QWIP) devices. Each 
Page 15 vo, gNo~ 
MBE cpiwafer is grown to a custo- 
mer's exacting specifications, requir- 
ing d i sc ip l ined  manufactur ing  
practices and precise characteriza- 
tion. The MBE growth technique 
offers unrivaled versatility, consis- 
tently unifi~rm layer thickness (< 
1.5% over a J, in epiwafer), and 
superior doping and composit ion 
control, in comparison to other GaAs 
epitaxial methods. Another perff)r- 
mance advantage that MBE utilizes 
is the growth control to insert etch- 
stop Iwers for improved gate recess 
control and etch uniformity. Satura- 
tion current (Idss) and pinch-off 
voltage (Vpo) arc controlled by the 
MBE growth process, not by subse- 
quent processing, thereby minimiz- 
ing process variability. 
In addition to existing customer 
requirements, QED is actively devel- 
oping MBE material for new applica- 
t ions  th rough separate  R&D 
activities. QED was recently awarded 
three United States Government  
Small Business Innovation Research 
(SBIR) contracts to support advanced 
development of GaAs devices for 
military and commercial applications. 
The Phase II contract is to develop a 
Carbon-doped Heterojunction Bipo- 
lar Transistor (HBT) for power am- 
plifier applications. Both Phase I 
contracts are to develop state-of- 
the-ar t  Quantum Well In f rared 
Photodetector (QWIP) technology. 
The first Phase I contract will devel- 
op a high performance/cost effective 
dual band (two color) normal inci- 
dence QWIP to operate in the mid- 
(3-5 lam) and long-wave (8-12 ~tm) 
infrared atmospheric windows. The 
second Phase I will develop an 
integrated Focal Plane Array (FPA) 
to provide a higher performance/ 
cost effective sensor, compared to 
existing Mercury Cadmium Telluride 
(HgCdTe) technology, by integrating 
a GaAs FPA and a GaAs multiplexer. 
Commitment to Quality 
Assurance 
With large volume insertion of MBE- 
based devices, QED must ensure that 
its MBE epiwafers satisfy the expec- 
tations and level of quality demanded 
by the customer. The ongoing QED 
commitment to provide quality MBE 
epiwafers covers the entire order 
process - from order inception, 
through delivery and after-sales er- 
vice. QED utilizes Statistical Process 
Control (SPC) methodology for MBE 
epiwafcr production and character- 
ization equ ipment  calibration. A 
state-of-the-art production database 
system allows QED to characterize 
each epiwafer in real-time, thereby 
ensuring consistent wafer uniformity 
and wafer-to-wafer eproducibility. 
By offering "process ready" MBE 
epiwafers, the customer saves time 
and money by reducing redundant 
incoming inspection efforts. To en- 
hance the Quality Assurance pro- 
gram, QED is dedicated to achieve 
IS() 9002 certification by July 1997. 
Since QED supplies MBE cpiwafers 
on a worldwide basis, IS() 9002 
cert i f icat ion will s t rengthen the 
QED recognition as a world leading 
merchant supplier. 
Future Trends and 
Opportunities 
As previously noted, the GaAs indus- 
try is pro jected  to grow at an 
accelerated pace over the next dec- 
ade as higher performance and high- 
er f requency  app l i ca t ions  are 
developed, in addition to mobile 
cellular/PCS/WLL applications, the 
demand for MBE epiwafers for two- 
way paging, satellite communication, 
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The ongoing investment in facilit)6 production and characterization equipment, and personnel 
resources demonstrates the QED commitment to grow with the customer. By introducing ISO 
9002 Quality Assurance standards, QED is committed to provide high quality cost-effective 
MBE epiwafers.The expressed QED objective is to provide complete customer satisfaction. 
wireless cable and direct broadcast 
satellite (DBS) tclcvision, radar, dc- 
fensc electronic and infrared imaging 
(IR) applications i projected to grow 
at a compounded annual growth rate 
(CAGR) of 50%. A promising future 
market for MBE material is automo- 
tive radar and engine monitoring 
devices. The development and im- 
plementation of GaAs-based sensors 
for collision avoidance radar offers 
outstanding opportunities for MBE 
material. QED is working with the 
indust W leaders to develop MBE 
material that will satisfy the high 
performance requirements fi)r these 
developing technologies. By estab- 
lishing a track record of consistently 
delivering high performance MBE 
cpiwafers, QED is enabling the cus- 
tomer to focus on what they do best 
manufacture devices, rather than 
dedicatc company resources to 
growing MBE material. 
With a strong commitment to the 
GaAs industry, QED is realizing its 
charter conviction - commercial 
acceptance of MBE as a cost effective 
production technique for large vo- 
lume GaAs material applications. 
QED welcomes the opportunity to 
discuss each customer's specific 
requirements. For additional informa- 
tion, please contact QED and/or our 
territo W representative: 
Europe (Belgium, France, 
Germany, Switzer land) 
&frasil  S.A. 
Centre Affaire Paris Nord 
lmmeuble "Le Bonaparte" 
93153 Blanc Mesnil 
Fra nce 
Telephone: + 33 1 45 91 O0 08 
Fax: + 33 1 48 65 21 93 
Europe (Italy) 
Padar technologie, sas 
l~Ta del Giuba 19 
00199 Rome 
Page 17 ~o,~o~ 
[I I 
Italy 
Telephone: + 39 6 86200577 
Fax: + 39 6 86325290 
Europe (United Kingdom) 
Henini Associates 
30 Thoresby Road, Bramcote 
Nottingham NG9 3EN 
UK 
Telephone/Fax.. +44 115 925 0028 
Japan 
San Es Trading Company, Ltd. 
6- 15 Sangenjaya I-chome 
S'etagava- k u 
154 Tokyo 
Japan 
Telephone: + 81 3 3795 812l 
l:ax: ~ 81 3 3795 8008 
Korea 
Seokyo Commerce Co., Ltd. 
Baek je Building, #201 
980-29, Bang Bae Dong 
Seochoku Seoul 13 "- 60 
Korea 
Telephone: + 82 2 597 3961 
Fax: ~ 82 2 597 3964 
Taiwan 
Marketech International Corporation 
7F-4. No. 123 
Section 4 
PA Teh Road 
Taipei 
Taiwan 
Telephone: + 88 0 2 7531416 
l:ax: +- 88 (~ 2 7658965 
United States and  Rest o f  World 
Quantum Epitaxial Designs, 
Incorporated 
119 Technolog), Drive 
Bethlehem, PA 18015 
Telephone: ¢610) 861-6930 
Fax: (61(t) 861- 52~3 
l:'-mail: qed(a fast.net 
